We assessed the hypothesis that blood pressure (BP)-lowering therapy has a beneficial effect on left atrial (LA) structure and function and may decrease the incidence of new-onset atrial fibrillation (AF) in elderly patients with hypertension (HTN). We divided 234 subjects X65 years old into four groups based on mean office BP achieved: a normotensive group (n ¼ 71), a HTN group with good BP control (n ¼ 72), a HTN group with poor BP control (n ¼ 41) and a HTN group with moderate BP control (n ¼ 50). LA volume, emptying function (EF), strain and strain rate (SR) were measured by speckle tracking echocardiography. LA volume, EF, strain and SR in the HTN group with good BP control were better preserved than those parameters in the HTN group with poor BP control. The incidence of new-onset AF during 2 years was significantly higher in the HTN group with poor BP control (hazard ratio: 7.015; 95% confidence interval: 2.433-20.22; Po0.001). In multivariate Cox regression analysis that included the difference in echocardiographic parameters between baseline and follow-up, both age and being in the HTN group with poor BP control were independent predictors of new-onset AF. In multivariate Cox regression analysis that included only parameters at baseline, ratio of the peak early transmitral flow velocity (E) to the peak early myocardial tissue velocity (E/e 0 ) was an independent predictor of new-onset AF. The incidence of new-onset AF depended on the long-term level of BP control rather than short-term changes in LA structure and function. Poor BP control increased the risk of new-onset AF in elderly patients with HTN. (HTN) is the most important risk factor for atrial fibrillation (AF). 1-3 HTN causes pressure overload in the left ventricle and results in left ventricular (LV) hypertrophy. It also increases LV stiffness and diastolic dysfunction, both of which increase with age. 4 These changes increase the load on the left atrium (LA) and induce the LA remodeling that is associated with AF. AF increases the risk of cardiovascular morbidity and mortality. 5 Increased LV mass, LA enlargement and dysfunction due to HTN have been identified as independent determinants of new-onset AF. 6,7 However, there are very few studies that have examined the relationship between blood pressure (BP) level achieved and the incidence of new-onset AF in elderly patients with HTN. In addition, few studies have focused on the relationship between LA structure and function and the incidence of AF.
INTRODUCTION
Hypertension (HTN) is the most important risk factor for atrial fibrillation (AF). [1] [2] [3] HTN causes pressure overload in the left ventricle and results in left ventricular (LV) hypertrophy. It also increases LV stiffness and diastolic dysfunction, both of which increase with age. 4 These changes increase the load on the left atrium (LA) and induce the LA remodeling that is associated with AF. AF increases the risk of cardiovascular morbidity and mortality. 5 Increased LV mass, LA enlargement and dysfunction due to HTN have been identified as independent determinants of new-onset AF. 6, 7 However, there are very few studies that have examined the relationship between blood pressure (BP) level achieved and the incidence of new-onset AF in elderly patients with HTN. In addition, few studies have focused on the relationship between LA structure and function and the incidence of AF.
Recently, the development of echocardiographic technology that includes a feature-tracking method has allowed for the routine evaluation of LA volume and function. 8 Using this technology, we recently reported that pitavastatin therapy prevented new-onset AF in 220 elderly patients with HTN. 9 The incidence of new-onset AF was relatively lower than expected because the BP levels were adequately controlled. 9 Thus, the aim of the present study was to evaluate the relationship between the BP achieved, the cardiac structure and function and the incidence of new-onset AF in elderly patients with HTN.
METHODS

Subjects and study protocol
This was a nonrandomized prospective study to evaluate the relationship between the BP achieved, cardiac structure and function and the incidence of new-onset AF in the elderly patients with HTN. First, we recruited 380 patients X65 years old with HTN from the outpatient department of our institution. Patients underwent clinical assessment that included an evaluation of their symptoms and physical condition before enrollment. All patients underwent an ECG every month for 2 years before enrollment. All patients who had palpitations and/or symptoms of arrhythmia underwent both an ECG and Holter ECG to determine whether AF was the cause of their symptoms. Patients who had no history of AF were defined as those who had no evidence of AF confirmed by a monthly ECG and clinical assessment for 2 years before enrollment. Exclusion criteria were secondary HTN, atrial arrhythmias, systolic dysfunction (left ventricular ejection fraction o50%), current treatment for congestive heart failure or myocardial infarction or stroke within the past 6 months, moderate to severe mitral valvular disease, severe aortic valvular disease, aortic dissection or aneurysm, renal insufficiency (serum creatinine 42 mg dl À1 ), mental disorders and severe noncardiovascular disease (for example, cancer or liver cirrhosis). We classified the patients based on their BP control level into three groups: (1) a group with good BP control (systolic BP o130 and diastolic BP mm Hg), (2) a group with moderate BP control (systolic BP X130 but o140 and diastolic BP o90 mm Hg, or systolic BP o140 and diastolic BP X80 but o90 mm Hg) and (3) a group with poor BP control (systolic BP X140 or diastolic BP X90 mm Hg; Figure 1 ). We excluded 60 patients with HTN because of the exclusion criteria and 128 patients because their BP control levels were not constant and they would have been classified into more than one of the three groups over the previous 2 years. The final study group included 192 patients with HTN who were treated with antihypertensive drugs, with BP control level belonging to just one of the three groups throughout the past 2 years (good control, n ¼ 85; moderate control, n ¼ 64; poor control, n ¼ 43). We also enrolled 73 normotensive patients X65 years old who visited our outpatient department monthly to serve as a normotensive control group. These patients had diabetes mellitus (n ¼ 11), dyslipidemia (n ¼ 30), coronary artery disease (n ¼ 13), peripheral artery stenosis (n ¼ 15) or chronic obstructive pulmonary disease (n ¼ 8), and some patients had more than two diseases ( Figure 1 ). We followed all 265 patients (192 patients with HTN and 73 normotensive patients) for 2 years without any change in antihypertensive therapy unless the systolic BP continued to be 4140 mm Hg or the diastolic BP 490 mm Hg for 3 months. In a previous meta-analysis, the risk of AF was 17.4% within 6 months in control with risk factors for AF such as coronary heart disease. 10 Another meta-analysis reported that the risk of AF was 12.4% within 3 months in control with risk factors for AF. 11 To the best of our knowledge, there has been no report regarding the risk of AF in elderly patients with HTN. Therefore, we hypothesized that the risk of developing AF was 10% within 2 years, referring to the previous two meta-analyses to determine the number of the enrolled patients. BP was measured every month after registration. According to the guideline proposed by the Japanese Society of Hypertension, two consecutive BP measurements were taken from each patient in a sitting position at the outpatient department. 12 The ethics committee of our institution approved the present study and informed consent was obtained from all patients before enrollment.
Echocardiography
Transthoracic echocardiography was performed at baseline and after 2 years using an ACUSON sequoia 512 (Siemens, Mountain View, CA, USA)
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Poor control n=43 8, 9 Maximum LAV, minimum LAV and LAV just before atrial contraction were obtained from the apical four-chamber view with a frame rate of 55 to 60 frames s À1 using Simpson's method. LA total emptying function (EF), passive EF and active EF were calculated to evaluate phasic and global LA function and were defined as (maximum LAV Àminimum LAV)/maximum LAV Â 100; (maximum LAV Àpre-atrial contraction LAV)/maximum LAV Â 100; and (pre-atrial contraction LAV Àminimum LAV)/pre-atrial contraction LAV Â 100, respectively. LA peak strain rate (SR) during systole, early diastole and atrial contraction were also obtained from the LA mid-septal and mid-lateral walls. LA peak strain was obtained from the average of LA mid-septal and mid-lateral wall strain. Conventional echocardiographic parameters were measured according to standard echocardiographic methods. 13 The ratio of early diastolic transmitral inflow velocity to annular tissue velocity (E/e 0 ) was assessed as an index of diastolic function. LA volumes and functions were evaluated only during sinus rhythm even in the patients who had new-onset AF.
Determination of incident AF
Patients were seen at the outpatient department every month during the follow-up period and an ECG was obtained every month. Transthoracic echocardiography was performed at baseline and after 2 years in all patients. All patients who had palpitations and/or any symptoms of arrhythmia during the follow-up period underwent both ECG and Holter ECG monitoring to confirm or exclude new-onset AF in addition to routine monthly ECG. This determination was applied to most of the previous studies that included AF as an end point. [9] [10] [11] The development of AF was defined as the month when ECG or Holter ECG confirmed the presence of AF.
Reproducibility and reliability of LAV and LAEF by the VVI method
In our previous study, we reported that the interobserver correlation coefficient and relative differences in maximum LAV, minimum LAV and LA total EF measured by VVI were 0.98 and 0.94±6.8%, 0.99 and 8.0±11.0% and 0.99 and 2.2±15.9%, respectively. 7 The intraobserver correlation coefficient and relative differences in those parameters were 0.98 and 2.6 ± 6.2%, 0.98 and 8.1 ± 11.6% and 0.90 and 4.0 ± 12.4%, respectively. 7 
Statistical analyses
The data are expressed as the mean±1 s.d. Categorical data were summarized as percentages and compared using the w 2 test. Comparison of echocardiographic parameters between baseline and follow-up in each group were performed by a paired t-test. Comparisons of parameters among the four groups were performed by two-way analysis of variance followed by a Bonferroni test for post hoc comparisons. Survival curves were plotted by the Kaplan-Meier method and hazard ratios were calculated by univariate Cox regression analysis. Multivariate Cox regression analysis was performed to determine the independent predictors of new-onset AF. All statistical analyses were performed using Stat View version 5.0 (SAS Institution, Cary, NC, USA). A P-value of o0.05 was considered to be significant.
RESULTS
Follow-up of patients and their baseline characteristics
Of the 265 patients, 23 were lost to follow-up for 2 years because of
, death from congestive heart failure (n ¼ 1), cerebral infarction (n ¼ 2) and unknown (n ¼ 1). The 2-year follow-up data were obtained in 242 patients (Figure 1 ). There was no significant difference in major cardiovascular events (myocardial infarction, unstable angina, cardiac death, heart failure and stroke) among the three HTN groups (P ¼ 0.54).
In the normotensive group, two patients were excluded because they developed HTN based on the guidelines of the Japanese Association of Hypertension and were started on antihypertensive drug therapy. Two patients in the HTN group with good BP control were excluded because their mean BP achieved during the follow-up was higher than baseline and their BP was X130/80 mm Hg. Two patients in the HTN group with moderate BP control were excluded because their BP during follow-up was higher in one patient and lower in the other patient than the BP range at baseline that was used to classify that group. In the HTN group with poor BP control, two patients were excluded because of poor echocardiographic images due to emphysema. A total of eight patients were excluded from the final analysis. The data from 234 patients were included in the final analysis (88.3% follow-up rate).
The clinical characteristics of the 234 patients at baseline are shown in Table 1 . There were no significant differences in age, gender, current smoking habits, diabetes mellitus, coronary artery disease and medications except for the use of b-blockers, angiotensin II receptor blockers and angiotensin-converting enzyme inhibitors among the four groups.
Association between achieved BP and echocardiographic parameters of cardiac structure and function LV and LA structure and function in the normotensive and HTN group with good BP control were better than those in the HTN group with poor BP control, both at baseline and after 2 years (Table 2 and Figure 2 ). Regarding change during 2 years of follow-up, differences in the LV mass index between baseline and after 2 years in the HTN group with poor BP control were significantly higher than those in the normotensive group (Table 3) . Differences in LA Table 1 Patients' baseline characteristics 16 (23) 17 (24) 12 (24) 11 (27) 0.966
Diabetes mellitus, n (%)
11 (16) 10 (14) 7 (14) 8 (20) function between baseline and after 2 years were not significant when comparing the HTN group with poor BP control with the normotensive control group and the HTN group with good BP control.
Development of new-onset AF
During a follow-up period of 24 months, 14 out of 234 (6.0%) subjects developed ECG-confirmed new-onset AF. All new-onset AF cases were of paroxysmal AF. Two patients in the normotensive group, one in the HTN group with good BP control, three in the HTN group with moderate BP control and eight in the HTN group with poor BP control developed new-onset AF. The incidence of new-onset AF was significantly higher in the HTN group with poor BP control compared with the other HTN groups. The Kaplan-Meier curves in Figure 3 show the differences in the cumulative survival of new-onset AF between the HTN group with poor BP control and the other three groups combined. The HTN group with poor BP control had a significantly higher incidence of new-onset AF than the other three groups (hazard ratio: 7.015; 95% confidence interval: 2.433-20.22; Po0.001).
Including the 234 patients in all four groups, patients with newonset AF had a larger LA volume and reduced LA function compared with patients without new-onset AF (Table 4) . We performed multivariate Cox regression analysis using the HTN group with poor BP control and age as a conventional variable to elucidate the independent predictors of new-onset AF in all 234 patients. In model 1, multivariate Cox regression analysis was performed using parameters with a P-value of o0.1 in univariate analysis. That is, we included the difference in maximum LAV index and LA active EF between baseline and follow-up. Because our previous study showed that LA active EF was an independent predictor of new-onset AF, 8 LA active EF at baseline was included in model 2 (in addition to the HTN with poor BP control and age). Because E/e 0 was an important parameter of diastolic function, E/e 0 was also included in model 2. In model 1, which included the difference in echocardiographic parameters between baseline and follow-up, the HTN group with poor BP control and age were independent predictors of new-onset AF in all 234 patients (Table 5) . In model 2, which included only parameters at baseline, E/e 0 was an independent predictor of newonset AF.
DISCUSSION
The present prospective study demonstrated that LV mass index, LV diastolic function and LA structure and function in the HTN group with poor BP control were more impaired than in normotensive patients, both at baseline and follow-up. These parameters, except for LV mass and LA dimension, did not change during 2 years of followup in the HTN group with poor BP control. The incidence of newonset AF depended on a constant level of BP control during longterm follow-up (4 years) rather than the change of cardiac structure and function during short-term follow-up (2 years). Poor BP control increased the incidence of new-onset AF in elderly patients with HTN.
BP control for the prevention of AF in elderly patients with HTN We recently reported that pitavastatin therapy prevented new-onset AF in 220 elderly patients with HTN (age 75 ± 5 years). 9 The incidence of new-onset AF was relatively lower (HTN without statin group: 13.6%/2 years and HTN with statin group: 4.5%/2 years) than expected because the BP levels were adequately controlled (133 ± 6/ 79 ± 6 mm Hg). 9 The general recommended BP goal in uncomplicated elderly patients with HTN is o140/90 mm Hg, which is based on expert opinion rather than on data from randomized controlled trials. 14, 15 However, the ACCORD study that compared the effect between intensive BP control (target systolic BPo120 mm Hg) LA total EF, % 43 ± 8 3 5 ± 8 0 . 0 0 1 LA passive EF, % 19 ± 7 1 5 ± 8 0 . 0 6 7 LA active EF, % 29 ± 11 22 ± 6 o0.001
Differences between baseline and after 2 years DLA dimension, mm À0. and usual BP control (target systolic BPo140 mm Hg) on the cardiovascular events in HTN patients with diabetes mellitus found no significant difference between the two groups. 16 Although some clinic-and population-based survey data continue to suggest that the lower the BP levels, the lower the cardiovascular event rate even in elderly patients, 17, 18 the VALISH study demonstrated that strict BP control (136.6/74.8 mm Hg) was not superior to moderate BP control (142.0/76.5 mm Hg) in reducing cardiovascular mortality and morbidity in elderly patients (mean age 76.1 years) during 3 years of follow-up. 19 The JATOS study also demonstrated that the incidence of cardiovascular disease and renal failure was similar between the strict treatment group (135.9/74.8 mm Hg) and mild treatment group (145.6/78.1 mm Hg) during 2 years of followup. 20 In contrast, the present study showed that poor BP control (144 ± 2/89 ± 4 mm Hg) increased the incidence of new-onset AF, indicating that more strict BP control may be even more necessary in the prevention of AF than in the prevention of other types of cardiovascular disease.
Importance of long-term BP control for the prevention of AF There was an intriguing finding in the present study. In the elderly patients with HTN, baseline LA structure and function as well as changes in LA structure and function over 2 years were not related to the incidence of new-onset AF, whereas LA structure and function were more impaired in the HTN group with poor BP control compared with the other three groups. The incidence of new-onset AF was associated with the BP level over 4 years (2 years before enrollment and 2 years after enrollment). In our previous study that included 580 patients from the general population (56% with HTN, aged 64 ± 17 years), we showed that LA active EF (booster pump function) at baseline independently predicted the risk of new-onset AF. 7 Reduced LA active EF independently predicts the risk of newonset AF, suggesting a stronger association between LA functional remodeling and new-onset AF than between LA size and new-onset AF. However, this relationship was not observed in the present study in elderly patients (70% with HTN, aged 75 ± 5 years). That is, the incidence of new-onset AF depended on the degree of BP control during 4 years rather than changes in LA structure and function over 2 years. This finding suggests that long-term BP control in HTN (BPo140/90 mm Hg) is important to prevent new-onset AF in elderly patients.
In multivariate Cox regression analysis that included only parameters at baseline, E/e 0 at baseline was an independent predictor of new-onset AF. Although e 0 represents regional tissue velocity, e 0 has been thought to reflect LV relaxation and has a correlation with pulmonary capillary wedge pressure. 21 Similarly, the E wave is also affected by loading conditions. When afterload increases, the E wave decreases and when preload increases, the E wave increases. 22 The ratio of the peak early transmitral flow velocity (E) to the peak early myocardial tissue velocity (E/e 0 ) was proposed to estimate LV filling pressure. 21 HTN causes pressure overload in the left ventricle. It was probable that E/e 0 was an independent predictor of new-onset AF in elderly patients with HTN because E/e 0 reflected the LV filling pressure that reflected the loading conditions of the left atrium of the patients.
Previous studies have reported that treatment with angiotensinconverting enzyme inhibitors or angiotensin II receptor blockers can delay the progression of paroxysmal AF to chronic AF. [23] [24] [25] In the present study, despite the frequent prescription of angiotensin II receptor blockers or angiotensin-converting enzyme inhibitors in the HTN group with poor BP control, the incidence of new-onset AF was the highest in this group compared with the other three groups. This finding suggests that the upstream inhibition of the renninangiotensin system was insufficient to prevent new-onset AF. The recent J-RHYTHM study demonstrated a similar decrease in AF frequency over 12 months in the patients treated with calcium channel blockers and angiotensin II receptor blockers. 26 However, there was no control group in either that study or the present study. Thus, we could not determine if angiotensin II receptor blockers or angiotensin-converting enzyme inhibitors could reduce the incidences of AF in the present study.
Study limitations
There are several limitations of the present study. First, only patients whose BP levels were constant during follow-up were included in the present study. In clinical practice, however, BP levels are not always constant. Patients whose BP levels are not constant might have higher rates of new-onset AF. Therefore, exclusion of patients with unstable HTN was a major limitation of the present study. In addition, patients with BP that did not change over 2 years were enrolled in the present study, and this resulted in a patient selection bias. Second, a relatively small number of the patients were enrolled and only 14 of 234 patients developed new-onset AF. Thus, the study may have been underpowered to definitively determine the relationship between the incidence of new-onset AF and cardiac structure and function particularly in the multivariate Cox regression analysis. A study in a larger population is needed to define the appropriate BP treatment thresholds and goals for the prevention of new-onset AF. Third, the number of incident AF cases may have been underestimated because some patients with AF had no symptoms and only AF episodes that were confirmed by ECG or Holter ECG were considered an end point. However, this limitation could be applied to most of the previous studies that included AF as an end point. Fourth, patients in the HTN group with poor BP control had greater use of b-blockers, angiotensin II receptor blockers or angiotensin-converting enzyme inhibitors at the time of enrollment. This significant difference may have influenced the risk of new onset of AF. Finally, VVI is based on manual tracing and represents a two-dimensional measurement. Three-dimensional speckle tracking echocardiography is the latest technique and is now available to assess LA structure and function, including LA volume and SR without any assumptions of LA geometry. 27 Reassessment of the predictive values and cutoffs in the present study by three-dimensional speckle tracking echocardiography is needed in the future.
CONCLUSIONS
The incidence of new-onset AF depended on the long-term level of BP control rather than short-term changes in LA structure and function. Poor BP control increased the risk of new-onset AF in elderly patients with HTN.
